INTRODUCTION
============

Sarcoidosis is a systemic inflammatory disease of unknown etiology that occurs throughout the world and affects people of all ages and races. The diagnosis of sarcoidosis is based on a compatible clinical and radiological pictures, supported by pathological evidence of noncaseating granulomas in the absence of organisms and other granulomatous diseases, such as tuberculosis and malignancy.[@B1] These granulomas can occur with varying rates in any organ system, but are most commonly found in the lungs, with thoracic lymphadenopathy detected in up to 85% of cases.[@B2] Pulmonary sarcoidosis is the most frequent form, and flexible bronchoscopy with tissue sampling is recommended as a first step to obtain a tissue diagnosis and exclude possible alternative diagnoses.

Flexible bronchoscopy permits transbronchial lung biopsy (TBLB) and endobronchial biopsy (EBB). Bronchoalveolar lavage (BAL) is also routinely recommended as an additional procedure. Despite the use of combined TBLB and EBB, approximately one-third of all bronchoscopies do not result in a diagnosis of sarcoidosis.[@B3] BAL fluid lymphocytosis and a CD4/CD8 ratio ≥3.5 substantiate the diagnosis of sarcoidosis, but BAL is not used for a pathologic diagnosis.[@B4]

Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) is a less invasive procedure that has an excellent diagnostic yield.[@B5],[@B6] Recent studies have reported that EBUS-TBNA has an excellent diagnostic yield in the diagnosis of sarcoidosis (85-93%).[@B7]-[@B10]

In this study, we evaluated the usefulness of EBUS-TBNA in the diagnosis of sarcoidosis compared with that of TBLB, EBB, and BAL.

MATERIALS AND METHODS
=====================

Patients
--------

This retrospective study was conducted at the Samsung Medical Center (Seoul, South Korea) between July 2009 and June 2011. Thirty-three patients with enlarged intrathoracic lymph nodes (\>1 cm on short axis) on chest computed tomography (CT) scan and suspected sarcoidosis were included. Lymph node stations were determined according to the new international lymph node map proposed by the International Association for the Study of Lung Cancer.[@B11] All patients underwent EBUS-TBNA, TBLB, EBB, and BAL during the same session. This study was approved by the Institutional Review Board of Samsung Medical Center, which waived requirements for informed consent given the retrospective nature of the study.

Diagnosis of sarcoidosis
------------------------

Diagnosis of sarcoidosis was established if the clinical and radiological findings were supported by pathological tissue demonstrating noncaseating granulomas.[@B12] Other granulomatous diseases were ruled out by the patient\'s history and microbiological results. Patients were categorized as \"indefinite\" if the definite diagnosis could not be made by biological and pathological evaluations. In these cases, patients were followed up for ≥6 months. A clinical diagnosis of sarcoidosis was confirmed when patients met two or more of the following criteria: 1) stability or regression during follow up, 2) response to corticosteroid therapy, 3) BAL lymphocytosis with a CD4/CD8 ratio ≥3.5, and 4) demonstration of extrapulmonary manifestations of sarcoidosis (erythema nodosum, uveitis, neurologic or cardiac dysfunction).[@B1],[@B4],[@B13],[@B14]

Bronchoscopic procedure
-----------------------

All patients received four diagnostic modalities during the same session: EBUS-TBNA, TBLB, EBB, and BAL. All bronchoscopic and EBUS-TBNA procedures were carried out on an inpatient basis under local anesthesia with mild conscious sedation. Two milliliters of 4% lidocaine was nebulized and sprayed into the pharynx. Bolus doses of 1.3% lidocaine were administered through the channel during the procedures as needed. Patients were monitored by electrocardiogram, pulse oximetry, and for blood pressure. Conventional flexible bronchoscopy (BF-1T260 bronchovideoscope; Olympus, Tokyo, Japan) was used for BAL, EBB and TBLB. First, BAL was performed in the right middle lobe. Then, at least three biopsy specimens were obtained by EBB from the bronchial wall of the right upper lobe and at least five biopsy specimens were obtained by TBLB from the right lower lobe if no parenchymal lesion was visible on a chest CT scan. If we did not obtain enough tissue from three biopsies from EBB and five biopsies from TBLB, we performed more biopsies until we obtained enough specimens for histopathological analysis. If the chest CT scan showed evidence of pulmonary parenchymal involvement (stage II), a TBLB specimen was obtained from the targeted region.

EBUS-TBNA procedure
-------------------

Following conventional bronchoscopy, EBUS-TBNA was performed using a flexible convex-probe ultrasonic-puncture bronchoscope with a linear scanning transducer at a frequency of 7.5 MHz (CP-EBUS, BFUC206F-OL8; Olympus, Tokyo, Japan). A dedicated ultrasound scanner (EU-C2000; Olympus, Tokyo, Japan) was used for image processing. Color Doppler mode was used to avoid puncture of vessels as the occasion demanded. Each target nodal station was punctured at least twice, until one or more tissue core specimens were obtained with a dedicated 22-gauge needle (NA-201SX-4022; Olympus, Tokyo, Japan). The aspirated material was smeared onto glass slides. Smears were air dried and fixed in 95% alcohol. Histological specimens were fixed with 10% neutral buffered formalin and stained with hematoxylin and eosin. Aspirated material and histological specimens were sent for histopathological and microbiological examination, including cytological analysis, special staining for acid-fast bacilli, and culture for *Mycobacteria* and *Mycobacteria tuberculosis* polymerase chain reaction. Immunohistochemical staining was also performed when needed. Rapid onsite cytopathological examination was not available. Patients diagnosed with benign lymphadenopathy by EBUS-TBNA subsequently underwent clinical and radiological follow-up for at least 6 months. All patients underwent chest radiography after the procedure to ensure that pneumothorax, pneumomediastinum, or pulmonary hemorrhage did not occur.

Statistical analysis
--------------------

Data are presented as medians for continuous variables and as numbers and percentages for categorical variables. The primary endpoint was the difference in diagnostic sensitivity among the four modalities. Diagnostic sensitivity was calculated using standard definitions. Yields from the diagnostic modalities were compared using the generalized estimating equation or McNemar\'s test. All *p*-values ≤0.05 were considered significant. Data were analyzed using PASW statistics software version 18 (SPSS Inc., Chicago, IL, USA).

RESULTS
=======

Data from 33 consecutive patients with suspected sarcoidosis who underwent combined EBUS-TBNA with TBLB, EBB, and BAL were analyzed. Twelve patients were male and the median age of all patients was 46 years (range, 21-72 years). Based on radiological findings, 11 patients had stage I sarcoidosis, and 22 patients had stage II sarcoidosis.

In total 71 lymph nodes were examined in 33 patients. Sixty (85%) enlarged lymph nodes were located in the mediastinum and the remaining 11 were hilar and interlobar. The subcarinal node (station 7) was the most frequently sampled (33/71, 46%). A median of two lymph nodes per patient (range, 1-3 lymph nodes) was aspirated with a median of three passes per node (range, 1-5 passes). The median short axis diameter of the enlarged lymph nodes, as measured by CT, was 16 mm (range, 10-31 mm). Fifty-one of 71 (71.5%) lymph nodes had noncaseating granulomas. The characteristics of the lymph nodes sampled by EBUS-TBNA are summarized in [Table 1](#T1){ref-type="table"}.

Of 33 patients, 29 (88%) had noncaseating granulomas detected by TBLB or EBUS-TBNA, and one patient had a metastatic adenocarcinoma. Three patients had no evidence of granuloma or malignancy with EBUS-TBNA, TBLB or EBB, so these patients were followed up for at least 6 months (a median follow-up period of 19 months) and were reviewed. Among the patients with an indefinite diagnosis, two were clinically diagnosed with sarcoidosis and one patient was diagnosed with reactive lymphadenopathy ([Fig. 1](#F1){ref-type="fig"}). Therefore, 31 patients were diagnosed with sarcoidosis. Among 29 patients with histologically proven sarcoidosis in combination with EBUS-TBNA, TBLB, and EBB, only EBUS-TBNA and TBLB revealed noncaseating granuloma in 18 and one patient, respectively. Of 33 patients who underwent EBUS-TBNA, noncaseating granulomas were detected by histology in 28 patients and by cytology in 8 patients. Twenty-two of 31 patients (71%) had BAL lympho-cytosis with CD4/CD8 ≥3.5, but two of 31 patients (6%) had a decreased CD4/CD8 ratio (CD4/CD8 \<1.0).

The diagnostic performance of EBUS-TBNA and the bronchoscopic procedures are summarized in [Table 2](#T2){ref-type="table"}. The overall diagnostic sensitivities of EBUS-TBNA, TBLB, EBB, and BAL (CD4/CD8 ≥3.5) were 90%, 35%, 6%, and 71%, respectively (*p*\<0.001). The combined diagnostic sensitivity of EBUS-TBNA, TBLB, and EBB was 94%. No significant difference in diagnostic sensitivity was observed between EBUS-TBNA alone or in combination with EBUS-TBNA, TBLB, and EBB (*p*=0.990). Further analysis was performed in relation to radiologic staging of sarcoidosis on chest CT scan. Seven of nine (78%) stage I patients were diagnosed with sarcoidosis by EBUS-TBNA, whereas TBLB was only useful for diagnosing sarcoidosis in three (33%) patients. One stage II patient had a negative EBUS-TBNA result but a positive TBLB result. In our study, EBUS-TBNA was the most sensitive diagnostic method in patients with stage I and stage II sarcoidosis.

Three patients experienced pneumothorax, requiring overnight admission, but no complication due to pneumomediastinum or pulmonary hemorrhage was observed.

DISCUSSION
==========

Our results confirm that EBUS-TBNA of mediastinal or hilar lymph nodes had a high diagnostic yield for detecting noncaseating granulomas in cases of suspected sarcoidosis. In our study, EBUS-TBNA had diagnostic sensitivities of 90% for all stages, 78% for stage I, and 95% for stage II, which were significantly higher than those of TBLB and EBB. The combination of EBUS-TBNA with conventional bronchoscopic procedures added little to its diagnostic sensitivity.

Tissue specimens should be obtained from the most readily accessible organ using the least invasive method.[@B1] Because the lungs are involved in most patients, TBLB has remained the conventional procedure for confirming a histological diagnosis and its diagnostic yield was reported as 40-90% in previous studies.[@B15]-[@B17] However, the diagnostic yield of TBLB depends upon the skill of the person performing the procedure, the number of biopsy samples taken, and the degree of interstitial involvement at the time of biopsy.[@B15] Optimal results are accomplished if 4-5 biopsies are taken for stage II disease and up to 10 biopsies for stage I disease.[@B15],[@B18] TBLB is associated with complications, as 5% of patients showed pneumothorax and pulmonary hemorrhage in a previous study.[@B19] The risk for complications increases proportionally with the number of biopsy specimens. Hence, we routinely obtained at least five biopsy specimens by TBLB from each patient. No significant difference was observed in the diagnostic sensitivity of TBLB for stage I and stage II sarcoidosis in our study. The diagnostic sensitivities of TBLB for stage I, stage II, and overall were 33%, 36%, and 35%, respectively. Three of 33 (9%) patients experienced pneumothorax, but no pulmonary hemorrhage or pneumomediastinum occurred.

EBB could have additional value in patients with normal-appearing bronchial mucosa and those with sarcoidosis.[@B20] However, EBB had a low diagnostic yield and did not increase the diagnostic yield when used in combination with TBLB and EBUS-TBNA in our study. BAL fluid analysis is also performed to diagnose sarcoidosis. An increased in the number of lymphocytes can be detected in 90% of subjects with sarcoidosis at the time of diagnosis, regardless of the stage of sarcoidosis. Although its sensitivity was low (53-59%), CD4/CD8 ratio increased to ≥3.5 in about 55% of patients with sarcoidosis and showed a high specificity of 93-96% for sarcoidosis.[@B4],[@B14] However, BAL fluid may be normal in 10-15% of patients, and the ratio decreases to \<1.0 in 12% of patients with sarcoidosis.[@B21] The most important limitation of BAL fluid analysis is that it is not useful for a pathological diagnosis. Two of 31 (6%) patients demonstrated a decrease in CD4/CD8 ratio (CD4/CD8 \<1.0) in our study.

The most common feature of sarcoidosis is hilar and mediastinal lymphadenopathy.[@B22] Therefore, a tissue diagnosis using these areas is reasonable, as they are a likely target for confirming the diagnosis. EBUS-TBNA has emerged as an accurate, minimally invasive, and safe procedure for evaluating mediastinal lymphadenopathy.[@B5],[@B6] EBUS-TBNA can visualize the paratracheal, subcarinal, and hilar lymph nodes, which can be sampled, resulting in a high diagnostic yield.[@B23] Oki, et al.[@B9] reported that EBUS-TBNA was diagnostic in 13 of 14 (93%) patients with sarcoidosis by showing histological evidence of noncaseating granulomas in 18 of 23 (78%) lymph nodes examined. Wong, et al.[@B7] assessed 65 patients with mediastinal lymphadenopathy with suspected sarcoidosis and reported that the sensitivity of EBUS-TBNA was 92%. Nakajima, et al.[@B24] reported a higher diagnostic yield for EBUS-TBNA (91.4%) than for TBLB (40.0%) in a recent retrospective study comparing EBUS-TBNA, TBLB, and BAL in 38 patients. This retrospective study did not assess the role of EBB. Navani, et al.[@B10] reported that the overall diagnostic sensitivities of EBUS-TBNA, TBLB, and EBB were 85%, 31%, and 11%, respectively, in 27 patients diagnosed with sarcoidosis. These data were similar to those of the present study, as our overall sensitivities of EBUS-TBNA, TBLB, and EBB were 90%, 35%, and 6%, respectively.

Our study had several limitations. First, the retrospective study design and inclusion of a small number of patients from a single center introduced the potential for selection bias. Second, three patients showed no evidence of granuloma or malignancy following EBUS-TBNA, TBLB and EBB. Among the patients with an indefinite diagnosis, two patients were clinically diagnosed with sarcoidosis, which was not supported by a pathological tissue confirmation. Third, the complication rate of pneumothorax (9%) was relatively high after TBLB in this study. In this study, we did not perform TBLB under fluoroscopic guidance and this may be related to relatively high rate of pneumothorax in this study.

In conclusion, EBUS-TBNA was the most sensitive method for diagnosing stage I and II sarcoidosis compared with conventional bronchoscopic procedures. EBUS-TBNA should be considered first for the histopathologic diagnosis of stage I and II sarcoidosis.
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Characteristics of Lymph Nodes Sampled by EBUS-TBNA
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EBUS-TBNA, endobronchial ultrasound transbronchial needle aspiration.
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Diagnostic Yields of EBUS-TBNA, TBLB, EBB, and BAL for Sarcoidosis
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EBUS-TBNA, endobronchial ultrasound-guided transbronchial needle aspiration; TBLB, transbronchial lung biopsy; EBB, endobronchial biopsy; BAL, bronchoalveolar lavage.

^\*^*p*\<0.001 comparing yields from EBUS-TBNA with those from TBLB, EBB, and BAL.

^†^*p*=0.990 comparing yields from EBUS-TBNA alone with those from combination EBUS-TBNA, TBLB, and EBB.
